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Abstract
Pregnant women with iron deficiency and those who are carriers of haemoglobinopathies present with anaemia of varying
severity. There is no antenatal screening for haemoglobinopathies in India. The objective of this study was to determine the
prevalence of undiagnosed haemoglobinopathy carriers in a random sample of pregnant women attending antenatal care clinics
in Pune city, India. Biobanked DNA of 360 randomly selected pregnant women was genotyped for six common mutations and
two common haemoglobin variants, HbS and HbE. Odds ratios (OR) with 95% confidence intervals were computed to determine
association of carrier status with socio-demographic, haematological and clinical characteristics. The prevalence of undiagnosed
haemoglobinopathy carriers was 6.3% (95% CI 4.2–9.4%) of which 3.3% (95% CI 1.9–5.7%) were beta thalassaemia carriers.
There was an increased odds that beta thalassaemia carriers had moderate anaemia (OR 10.59, 95% CI 1.15–96.90). This study
reveals the high prevalence of undiagnosed haemoglobinopathy carriers among pregnant women, indicating the need to imme-
diately implement carrier screening and genetic counselling services across the country.
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Introduction

Anaemia is a persistent public health problem worldwide af-
fecting around 27% (95% CI 26.9–27.0) of the global popu-
lation (Kassebaum et al. 2016). The causes of anaemia are
broadly attributed to nutritional deficiencies, infections and
genetic disorders, particularly the haemoglobinopathies, beta
thalassaemia and sickle cell anaemia. Globally, iron deficien-
cy accounts for the highest cause of anaemia (63%), followed
by thalassaemia trait (5.4%), malaria (4%) and sickle cell trait
(2.2%) (Kassebaum et al. 2016). India has a dual burden of
nutritional anaemia and haemoglobinopathies (Weatherall and
Clegg 2008). A nationwide survey conducted in 2015–2016
reported that 53% women, 24% men and 58% pregnant

women in India had anaemia of varying severity
(International Institute for Population Sciences and ICF
2017). The Comprehensive National Nutrition Survey
(CNNS), a nationwide study that measured the prevalence of
anaemia in the age group of 1–19 years, reported beta thalas-
saemia and sickle cell carrier prevalence to be 4·9% (95%CI 3·
6–6·5) and 1·6% (95%CI 1·1–2·4) in the 1–4 year age group
respectively, 9·3% (95%CI 7·2–12·1) and 1·9% (95%CI 1·3–
2·9) in the 5–9 year age group and 7·3% (95%CI 5·8–9·2) and
1.6% (95%CI 1·0–2·4) in the 10–14 year age group (Sarna
et al. 2020).

Studies to estimate the prevalence of beta thalassemia car-
riers in India have been challenged by lack of systematic sam-
pling and lack of use of international diagnostic criteria and
laboratory standards. As such, wide variations in beta thalas-
saemia carrier prevalence ranging from 1.5% (Achoubi et al.
2012) to 10.4% (Dolai et al. 2012) have been reported. The
prevalence of sickle cell carriers ranged between 0.7% in ur-
ban areas (Mohanty et al. 2013) and as high as 14% in tribal
areas (Mohanty et al. 2015). Among all age groups, estimates
suggest that in absolute numbers, there may be nearly 24.7
million carriers of beta thalassaemia and 16.9 million carriers
of sickle cell anaemia. The annual numbers of cases of beta
thalassaemia major and sickle cell anaemia in India are
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estimated to be 5500 and 11,000 respectively (Modell et al.
2018).

Despite this underlying burden of haemoglobinopathies,
India is yet to implement a carrier screening programme, al-
though national guidelines for the prevention and control of
haemoglobinopathies have been published (Ministry of
Health and Family Welfare, Government of India 2016).
Carrier screening provides the opportunity for making in-
formed reproductive decisions and has been the key strategy
for prevention and control of haemoglobinopathies in several
high burden countries (Goonasekera et al. 2018). Among
pregnant women, haemoglobinopathy carriers present with
mild to moderate anaemia, similar to women with nutritional
anaemia. Beta thalassaemia carrier diagnosis is necessary to
empower prospective parents to take informed reproductive
decisions, as well as alert the clinician about the carrier status.
A limited number of studies identified that 7% (Verma et al.
2014) to 22% (Munshi et al. 2009) of anaemia cases was due
to beta thalassaemia trait and 1.6% (Bhukhanvala et al. 2012)
to 29.7% (Choubisa 1991) of anaemia was due to sickle cell
carriers. These wide range of prevalence estimates were
caused by non-random samples and different diagnostic
criteria used in the studies. The aim of this study therefore
was to determine the prevalence of undiagnosed
haemoglobinopathy carriers among a random sample of preg-
nant women attending antenatal clinics in government hospi-
tals in Pune city, India.

Materials and methods

Study design

The study genotyped a random sample of DNA that was
biobanked as a part of the Pune Urban Birth Outcome Study
(PUBOs) (Bhide et al. 2016). PUBOs was a cohort study to
measure the birth prevalence of congenital anomalies and oth-
er adverse foetal outcomes. The study recruited 2107 pregnant
women at 11 ± 3 weeks of gestation registering for antenatal
care (ANC) at four government hospitals in Pune city, India.
Pune is the second largest city in the western Indian state of
Maharashtra, with a population of nearly five million in 2011.
Data on socio-demographic characteristics, nutritional status
(anthropometric measurements and haemoglobin levels at reg-
istration and before delivery), lifestyle factors, existing mater-
nal health conditions and obstetric history was collected
(Gund et al. 2016). Women were followed up till birth out-
come. Blood samples of 1726 pregnant women were collected
at baseline after informed consent, anonymized, coded and de-
linked from the clinical data prior to banking of the samples.
DNAwas extracted, quantified, coded and banked as has been
published elsewhere (Bhide et al. 2016).

Samples and sampling

A 4% prevalence of beta thalassaemia carriers was used based
on earlier studies (Choubisa 2006; Patel et al. 2012; Mohanty
et al. 2013). Using an online calculator (Naing et al. 2006), the
sample size was calculated to be 360. These 360 samples were
drawn from the 1726 banked samples, using the random num-
ber generation method in MS Excel. Sample codes were used
to retrieve data on socio-demographic characteristics of preg-
nant women, haemoglobin levels, clinical and pregnancy out-
come from the PUBO data set. Anthropometric data was used
to categorize women as being underweight, normal or over-
weight based on their body mass index (BMI).

Anaemia classification and haemoglobin change

Classification of women into different categories of anaemia
(severe, moderate and mild anaemia) was based on their
haemoglobin levels using the WHO classification (World
Health Organization 2011). This classification is also used in
the Reproductive, Maternal, Newborn, Child and Adolescent
Health (RMNCHA+) programme in India. Haemoglobin
change between first trimester and at term was compared be-
tween carriers and non-carriers receiving IFA supplementa-
tion. A change in haemoglobin level was defined as differ-
ences of more than 0.5 g/dL as measured at baseline
(recruitment) and at delivery (Rao et al. 2017).

Mutation analysis

DNA samples were analysed for the presence of six common
mutations causing beta thalassaemia in western India and for
mutations causing HbE disorder and sickle cell anaemia
(Sinha et al. 2009). Mutation analysis was done using the
Amplification Refractory Mutation System Polymerase
Chain Reaction (ARMS PCR) (Old et al. 1990) for the muta-
tions IVS 1–5 (G➔C), Cd8/9 (+G), Cd 41/42 (-TCTT), IVS 1-
1 (G➔T), Cd 15 (G➔A) and 619 bp del causative for beta
thalassaemia, Cd 6 (A➔T) mutation (HbS variant causing
sickle cell anaemia) and the Cd 26 (G➔A) mutation (HbE
variant causing HbE disorder) as has been reported previously
from Maharashtra, India (Mohanty et al. 2013).

A 20-μL PCR reaction was set up using the TopTaqMaster
Mix kit (Qiagen, Germany) with 1X PCR MasterMix (con-
taining PCR buffer, 1.5 mM MgCl2, 200 μM dNTPs and
1.25 U TopTaq polymerase), 1X Coralload buffer, 0.5 pM/
μL primers and 100–200 ng/μL of DNA. Amplification was
done for 25 cycles at 94 °C for 1 min, 65 °C for 1 min and
72 °C for 1.5 min in a PCR thermocycler (Eppendorf
MasterCycler, Germany). Subsequently, 10 μL of amplifica-
tion product was electrophoresed in a 1.5% gel at 50V/cm and
stained in 0.5 μg/mL ethidium bromide. The gel was visual-
ized, stored and analysed using the BioRad Gel Doc XR+
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system (Bio-Rad Laboratories, USA). A negative control was
set up with each reaction. After PCR amplifications of every
30 samples, the primers were checked for specificity by set-
ting up a reaction with DNA from an individual who did not
have the mutation causing beta thalassaemia. A random num-
ber of samples were re-amplified to determine the reliability of
the results.

Data analysis

Carrier prevalence was calculated as the proportion of DNA
samples heterozygous for a haemoglobin mutation to the total
number of pregnant women. Means were presented with 95%
confidence intervals (CI). Odds ratios (OR) with 95% confi-
dence intervals were computed in order to determine if there
was any association of carrier status with socio-demographic
characteristics, nutritional, haematological, clinical character-
istics and pregnancy outcomes. Change in haemoglobin levels
was examined using a paired t test and OR was computed
between change in haemoglobin levels and carrier status. p-
values less than 0.05 were considered to be statistically sig-
nificant. Statistical Package for Social Sciences version 22
was used for statistical analysis.

Ethical considerations

Due to the ethical issues associated with identification of thal-
assaemia carriers in the prenatal period, the study was con-
ducted using anonymous samples from pregnant women, ap-
proximately 1 year after the sample had been biobanked.
During recruitment, each participant in the PUBO study was
explained in detail regarding the study and consent was ob-
tained to use the DNA sample for academic research. The
study was approved by the Institutional Ethics Committee of
Savitribai Phule Pune University.

Results

Characteristics of study population

The mean age of the 360 women whose DNA was analysed
was 22.9 years (95% C.I. 22.5–23.3). Majority of women had
greater than 10 years of education, were above the poverty line
and belonged to the Hindu religion (Table 1). The prevalence
of consanguinity was 20%, of which among non-carriers, 45/
67 (67%) were first cousin marriages, 4/67 (6%) were second
cousin marriages, 1/67 (1.5%) was a niece-uncle marriage and
17/67 (25%) could not give an adequate description of their
relationship (or data on relationship not available). The only
haemoglobinopathy carrier reporting consanguinity had a first
cousin marriage. Majority of women had normal BMI and
were nulliparous. There were 4% (16/360) women who

reported having some chronic illness, 4% (16/360) women
who had a bad obstetric history and 5% (17/360) women
reported a relative with a birth defect (congenital locomotor,
sensory or cognitive disability). None reported having a fam-
ily history of a haemoglobinopathy. Majority of pregnancies
resulted in live births. There were 5% (16) miscarriages and
3% (10) still births (Table 1).

Prevalence of haemoglobin mutations

The 360 DNA samples were screened for the six common
mutations causing beta thalassaemia, and mutations causing
sickle cell anaemia and HbE disorders (Table 2). Of these, 6%
(23/360) samples were heterozygous for aHBBmutation. The
most frequent mutation observed was the IVS1-5 (G➔C) mu-
tation (39%, 9/23), followed by the Cd 26 (G➔A) mutation
(26%,6/23), the Cd 6 (A➔T)mutation (22%, 5/23), the IVS 1-
1 (G➔T) mutation (4%, 1/23), the Cd 8/9 (+G) mutation(4%,
1/23) and the Cd 15 (G➔A) allele (4%, 1/23) (Table 2).

Prevalence of haemoglobinopathy carriers

The DNA analysis indicated that the prevalence of undiag-
nosed haemoglobinopathy carriers was 6.3% (95% CI 4.2–
9.4%). Prevalence of undiagnosed beta thalassaemia carriers
was 3.3% (95% CI 1.9–5.7%), prevalence of undiagnosed
sickle cell carriers was 1.7% (95%CI 0.8–3.6%) and the prev-
alence of undiagnosed HbE carriers was 1.4% (95% CI 0.6–
3.2%) (Table 1). When data was disaggregated by type of
haemoglobinopathy carriers, there was an increased odds that
beta thalassaemia carriers belonged to the Scheduled Caste
category (OR 4.13, 95% CI 1.01–16.92) (Scheduled Castes
refer to officially designated underprivileged social groups).
No such association was observed for sickle cell and HbE
carriers. There was no association of carrier status with other
socio-demographic characteristics that is age, education and
economic level, consanguinity, body mass index, clinical
characteristics and pregnancy outcomes.

Haemoglobin concentrations and changes during
gestation

Majority of haemoglobinopathy carriers 80% (16/20) had
anaemia, with 60% having mild anaemia (OR 3.54, 95% CI
1.11–11.27) (Table 1). Mean haemoglobin concentrations
were not significantly different between non-carriers (10.5 g/
dL; 95% CI 10.5–10.7) and haemoglobinopathy carriers
(10.1 g/dL; 95% CI 9.8–10.5). However, disaggregated data
identified a statistically significant difference between
haemoglobin levels of beta thalassaemia carriers (9.5 g/dL;
95% CI 8.9–10.07) as compared to women who were not
carriers (10.5 g/dL; 95% CI 10.5–10.7; p < 0.05). Beta thalas-
saemia carriers had higher odds of having moderate anaemia
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Table 1 Population characteristics

Non-carriers
(n=337) (%)

Haemoglobinopathy carriers
(n=23) (%)

OR
(95% CI)

Socio-demographic characteristics

Age (n =336)

<19 years 27 (8%) 2 (9%) Ref

19–35 years 307 (91%) 20 (87%) 1.13 (0.14–9.22)

>35 years 0 1 (4%) -

Education (n=358)

≥ 10 years 128 (38%) 20 (87%) Ref

≤ 10 years 207 (61%) 2 (9%) 1.13 (0.14–9.22)

Economic status (n =265)

Possess white ration card (ineligible for subsidised staples) 21 (6%) 2 (9%) Ref

Above poverty line 174 (52%) 1 (4%) 0.19 (0.01–2.03)

Below poverty line 53 (16%) 14 (61%) 0.84 (0.17–3.97)

Religion (n=351)

Hindu 203 (60%) 12 (52%) Ref

Muslim 86 (26%) 4 (17%) 0.78 (0.24–2.50)

Christian 3 (1%) 1 (4%) 5.63 (0.54–58.35)

Buddhist 36 (11%) 6 (26%) 2.81 (0.99–7.99)

Other 1 (0.3%) 12 (52%) Ref

Caste (n=344)

General 182 (54%) 8 (35%) Ref

Other Backward Class 33 (10%) 3 (13%) 2.06 (0.52–8.20)

Scheduled Caste 88 (26%) 10 (43%) 2.58 (0.98–6.77)

Scheduled Tribe 10 (3%) 1 (4%) 2.27 (0.25–20.00)

Nomadic Tribe 8 (2%) 1 (4%) 2.84 (0.31–25.5)

Consanguinity (n=328)

Unrelated 240 (71%) 11 (100%) Ref

Consanguineous 67 (20%) 1 (4%) 0.17 (0.02–1.29)

Nutritional characteristics

Body mass index (n=351)

118.5–24.9 188 (55%) 15 (65%) Ref

<18.5 91 (27%) 4 (17%) 0.55 (0.17–1.70)

25.0–29.9 42 (12%) 4 (17%) 1.19 (0.37–3.77)

30.0–34.9 7 (2%) - -

Clinical characteristics

Parity (n=360)

Nulliparous 172 (51%) 12 (52%) Ref

Primiparous 138 (41%) 7 (30%) 0.72 (0.27–1.89)

Multiparous 27 (8%) 4 (17%) 2.12 (0.63–7.06)

Chronic illness (n=360)

No 322 (96%) 22 (96%) Ref

Yes 15 (5%) 1 (4%) 0.97 (0.12–7.73)

Bad obstetric history (n=360)

No 323 (96%) 21 (91%) Ref

Yes 14 (4%) 2 (9%) 2.19 (0.46–10.31)

Family history of birth defects (n=360)

No 321 (95%) 22 (96%) Ref

Yes 16 (5%) 1 (4%) 2.00(0.24–16.64)
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(OR 10.59; 95% CI 1.15–96.90) and the difference was sta-
tistically significant (p < 0.05).

Data on haemoglobin levels at first antenatal checkup
(baseline, before IFA supplementation) and at term (after
IFA supplementation) was available for 157 women (145
non-carriers and 12 carrier women). When analysed for
change in haemoglobin levels post-supplementation, 27%
non-carriers (40/145) and one carrier showed improvement
in haemoglobin levels at term. There were 39% (58/145)
non-carriers and 83% (10/12) haemoglobinopathy carriers
who showed no change in haemoglobin levels after IFA sup-
plementation (OR 1.82 95% CI 0.85–56.02) (Table 3).

Discussion

In light of the magnitude of nutritional anaemia among preg-
nant women in India , haemoglobinopath ies are
underprioritized as issues of public health concern. The find-
ings of this study reiterate the need to immediately implement

carrier screening, as 6.6% of a random sample of pregnant
women attending government antenatal clinics were found
to be haemoglobinopathy carriers. The estimates are consis-
tent with beta thalassaemia carrier prevalence from other stud-
ies (Colah et al. 2010, 3%; Bhukhanvala et al. 2012, 3.2%;
Bhukhanvala et al. 2013, 3.4%; Mohanty et al. 2013, 3.7%).
The study detected 1.7% prevalence of undiagnosed carriers
of sickle cell anaemia, even though this condition is consid-
ered to be predominantly prevalent in the tribal regions in
India. Earlier studies have reported a wide range of prevalence
estimates, from 0.7% in urban areas (Mohanty et al. 2013) to
as high as 14% from tribal areas (Mohanty et al. 2015). The
study also identified HbE carriers, even though the highest
proportion of such carriers have been previously reported
from eastern (4% carrier prevalence) and north-eastern (24%
carrier prevalence) India (Mohanty et al. 2013). These results
underline the widespread nature of these conditions in the
country. As compared to their previously assumed localized
prevalence, the data from this study indicates that these con-
ditions are widespread, urging the need to implement carrier

Table 1 (continued)

Non-carriers
(n=337) (%)

Haemoglobinopathy carriers
(n=23) (%)

OR
(95% CI)

Pregnancy outcomes (n =332)

Live births 287 (93%) 19 (83%) Ref

Preterm birth* 32 (11%) 3 (16%) 1.48 (0.41–5.38)

Low birth weight 54 (19%) 5 (26%) 1.48 (0.51–4.29)

Neonatal death 3 (1%) -

Miscarriage 15 (5%) 1 (4%) 1.00 (0.12–8.03)

Still births 8 (3%) 2 (9%) 3.76 (0.74–19.03)

Haematological parameters (n =343)

Mean haemoglobin (g/dl) (95% CI) 10.5 (10.5–10.7) 10.14 (9.8–10.5)

Anaemia status

No anaemia 143 (44%) 4 (40%) Ref

Mild anaemia 121 (37%) 12(60%) 3.54 (1.11–11.27)

Moderate anaemia 54 (17%) 4 (40%) 2.64 (0.63–10.96)

Severe anaemia 5 (2%) -

Figures in bold indicates p < 0.05

Table 2 Prevalence of haemoglobinopathy carriers by genotype

Clinical classification Genotypes n=360 Prevalence rate

Beta thalassaemia carrier IVS1-5/+ 9 3.3% (95% CI 1.9–5.7%)
Beta thalassaemia carrier IVS 1-1/+ 1

Beta thalassaemia carrier Cd 8/9/+ 1

Beta thalassaemia carrier Cd 15/+ 1

Sickle cell trait Cd 6/+ 6 1.7% (95% CI 0.8–3.6%)

HbE carrier Cd 26/+ 5 1.4% (95% CI 0.6–3.2%)

Total 23 6.3% (95% CI 4.2–9.4%)
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screening as a part of antenatal care services for all women
presenting for ANC. It is noteworthy that India reports 25
million pregnancies annually (Ministry of Health and Family
Welfare. Government of India. 2020), so that the number of
carriers is likely to be considerable.

Carrier screening through a national service (that is a com-
munity genetics service) can empower individuals and pro-
vide information for better patient management. Carrier
screening with the goal of prevention and control is however
associated with several ethical issues. Beta thalassaemia pre-
vention programmes are implemented in countries where this
disorder is a public health problem (Goonasekera et al. 2018).
Community genetic interventions have been successful in re-
ducing the incidence of beta thalassaemia major in several of
these countries (Firdous et al. 2011; Saffi and Howard 2015;
Goonasekera et al. 2018). Thalassemia carrier screening
programmes may be voluntary or mandatory, and the screen-
ing may be conducted prior to pregnancy, or in the antenatal
period. The timing of the screening programme is usually
influenced by availability of abortion services, and the accept-
ability of the programme by cultural leaders and the commu-
nity at large (Cousens et al. 2010).

Indian guidelines propose carrier screening with the implic-
it purpose of prevention of haemoglobinopathies (Ministry of
Health and Family Welfare. Government of India 2016). This
approach appears to be an obvious solution to the lack of care
for patients with haemoglobinopathies in India (Modell 2020;
Sinha et al. 2020). Beyond the ethical issues underlying such
assumptions, the national guidelines discuss the issue of
timing of carrier screening to minimize psychosocial risk.
Several large studies that have screened school and college
students across the country have demonstrated that premarital
screening is ineffectual if not supported with appropriate com-
munity knowledge on the benefits of screening. A study re-
ported that majority of the respondents screened during high
school did not remember or reveal their carrier status to their
spouse when followed up after 20 years (Colah et al. 2007).
Screening in the antenatal period is another possibility, but
needs to be carefully implemented as termination of pregnan-
cy is permitted till 24weeks of gestation (Government of India
2020). The national guidelines do not make antenatal screen-
ing mandatory, thereby respecting the autonomy of
beneficiaries.

Ethical implementation of the carrier screening programme
is however largely dependent on policy makers, planners and

public health service staff. The sickle cell programme of sev-
eral states of India has a highly unethical practice of providing
coloured cards to carriers as a part of marriage counselling.
The card, which carries a high risk of stigmatizing the indi-
vidual, is purported to be an appropriate intervention in poorly
literate communities for discouraging marriage between two
carriers (State Health Society Government of Gujarat 2020;
State Health Society Maharashtra 2020). Such practices indi-
cate that programme managers and staff involved in carrier
screening programmes need to be sensitized on issues of
ethics, and the autonomy and right of women to choose
whether to get themselves tested or not (Tamhankar et al.
2009). As a first step, however, the national policy will alert
state governments on the need to keep in mind ethical consid-
erations while implementing haemoglobinopathy prevention
and control programmes.

The cost of screening pregnant women across India versus
the benefits to public health investment may be debated.
Screening need not be an expensive activity. A complete
blood count can be the first step for identifying at-risk indi-
viduals through public health programmes. Subsequently, car-
riers can be diagnosed by HbA2 analysis or mutation analysis.
The technical capaci ty for diagnost ic test ing of
haemoglobinopathies is well in place in India at government
hospitals and government research institutes. A clearly laid
out referral pathway for diagnostic testing needs to be put in
place as a component of a well-organized genetic counselling
service (Phadke et al. 2017). A recent study estimates that the
cost of a screening programme is less than 4% of the cost
required for treatment of patients (Sinha et al. 2020).

One of the observations of this study was that administra-
tion of IFA for 100 days had no impact on reducing anaemia
in carriers. However, it needs to be pointed out that the obser-
vation was limited by the small number of carriers for whom
changes in haemoglobin level was measured. Administration
of IFA for 100 days is not likely to affect haemoglobinopathy
carriers, and will address the issue of co-existing nutritional
anaemia. At the same time, persistent anaemia in spite of
adherence to IFA supplementation can serve as an indicator
for further investigation. This is especially true for school aged
children in India, who are provided weekly IFA under the
anaemia control programme (Anaemia Mukt Bharat)
(Ministry of Health and Family Welfare. Government of
India. 2018). Carrier screening of all children with persistent
anaemia would provide an opportunity for better

Table 3 Changes in haemoglobin concentrations during registration and at term

Haemoglobin change after IFA supplementation (n =157) Non-carriers n =145 Haemoglobniopathy carriers n =12 OR (95% CI)

Increase in Hb levels 40 (27%) 1 (8%) Ref

No change 58 (39%) 10 (83%) 1.82 (0.85–56.02)

Decrease in Hb levels 47 (34%) 1 (8%) 0.85 (0.05–14.04)
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management. Prolonged weekly iron therapy in this age group
may require monitoring by estimation of haemoglobin, com-
plete blood counts and serum ferritin to prevent the complica-
tions of iron overload.

Although the small sample size is a limitation of the
study, the strengths of our study are that the samples were
randomly selected, and all samples were genotyped for
the six mutations that are prevalent in Western India,
and the HbS and HbE mutations. Genotyping of these
six mutations can detect nearly 90% of carriers, implying
that our study may only slightly underestimate the preva-
lence of haemoglobinopathies. We were unable to report
red blood cell indices and iron/ferritin levels, as these data
were not collected in the PUBO study, which did not have
haemog lob i nopa t hy a s i t s p r ima ry ob j e c t i v e .
Nevertheless, the data reported in this study identify the
magnitude of the problem in India and the need for im-
mediately implementing the national guidelines for pre-
vention and control of haemoglobinopathies. As urgent
is the need for carrier screening, it is essential to ensure
at the same time that the services are implemented in an
ethical manner, so that the programme does not impose on
the autonomy of women registering for carrier screening.
Sensitization of programme managers on ethical issues
should be made an essential component of the national
p r o g r amm e f o r p r e v e n t i o n a n d c o n t r o l o f
haemoglobinopaties in India, so that health service staff
are aware that well-intentioned programmes may have the
potential of stigmatizing individuals and causing psycho-
social harm.
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